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USE OF VACUTAINERS FOR COLLECTION OF MINE 
ATMOSPHERE SAMPLES 
Robert W. Freedrnan,l W i l l  iorn G. Humphrey, and Robert L. Cra f t  
ABSTRACT 
A s  p a r t  o f  a  con t inu ing  e f f o r t  t o  reduce t h e  weight and bulk  o f  equipment 
t h a t  mining personne l  must c a r r y  underground, t h e  Bureau of  Mines and t h e  
Mining Enforcement and S a f e t y  Admin is t ra t ion  (MESA) i n v e s t i g a t e d  a c c u r a t e  and 
conven ien t  gas samplers f o r  use  by mine i n s p e c t o r s  i n  sampling mine atmos- 
p h e r e s .  The samplers a r e  septum-stoppered g l a s s  v i a l s  commonly used  f o r  
r o u t i n e  blood sampling. These l i g h t w e i g h t ,  compact samplers y i e l d  r e s u l t s  
comparable w i t h  t h o s e  ob ta ined  w i t h  convent ional  b o t t l e  samplers  o f  250-ml 
nominal c a p a c i t y .  
INTRODUCTION 
Over t h e  p a s t  s e v e r a l  y e a r s ,  t h e  amount of equipment mining p e r s o n n e l  a r e  
r e q u i r e d  t o  c a r r y  has cont inued t o  i n c r e a s e .  Mine a i r  samples have been 
c o l l e c t e d  f o r  a n a l y s i s  w i t h  s e v e r a l  types  of g l a s s  and meta l  c o n t a i n e r s ,  a s  
3 r e p o r t e d  i n  a  p rev ious  p u b l i c a t i o n .  The Bureau formerly  employed vacuum 
b o t t l e s  w i t h  a  nominal c a p a c i t y  o f  250 m l  f o r  most o f  t h e  sampling done by 
i n s p e c t o r s  and mining p e r s o n n e l .  These a r e  l a r g e  and cumbersome, and t h u s  
l i m i t  t h e  sampling c a p a b i l i t y .  Hypodermic syr inges  s a t i s f y  most o f  t h e  
r e q u i r e m e n t s ,  b u t  t h e i r  u s e  is  l i m i t e d  mainly  t o  r e s e a r c h  work because  s t o r a g e  
t ime a f t e r  sampl ing and p r i o r  t o  a n a l y s i s ,  i f  i t  i s  more than  a  few d a y s ,  
p r e s e n t s  problems. Gases such a s  carbon d iox ide  a r e  l o s t  r e l a t i v e l y  r a p i d l y  
from t h e  s y r i n g e s  by permeat ion.  Thus,  t h e r e  was a  need t o  develop more con- 
v i e n e n t  and e f f i c i e n t  sample rs .  
I n  1971, t h e  Mount Hope, W .  Va. ,  o f f i c e  t e s t e d  10-ml Vacutainers4 made by 
Becton-Dickenson a s  sample c o l l e c t o r s .  These a r e  g l a s s  v i a l s  s t o p p e r e d  by 
0 .25- inch- th ick  b u t y l  rubber  septums. S i n c e  t h e s e  u n i t s  a r e  r o u t i n e l y  
1 S u p e r v i s o r y  r e s e a r c h  chemist  . 
2 
S u p e r v i s o r y  chemist .  
3 
Lang, H. W .  , and R. W .  Freedman. The Use of Disposal  Hypodermic S y r i n g e s  f o r  
C o l l e c t i o n  o f  Mine Atmosphere Samples. Am. Ind.  Hyg. Assoc. J, v. 3 0 ,  
a 
Sep tember-October 1969, pp. 523-526. 
Reference t o  a  s p e c i f i c  t r a d e  name does n o t  imply endorsement by t h e  Bureau 
o f  Mines. 
employed f o r  blood sampling,  t h e y  a r e  evacuated t o  o n l y  about  250 m. 
~ ~ v e r  t h e l e s s ,  t h e  Mount Hope i n v e s t i g a t o r s  found t h a t  c o n s i s t e n t  r e s u l t s  c o u l d  
be o b t a i n e d  f o r  mine a i r  samples i f  t h e y  were compared w i t h  gas  s t a n d a r d s  
sampled i n  Vacutainers  . 5 
Mine i n s p e c t o r s  found samplers of t h i s  type  t o  be v e r y  conven ien t ,  and 
t h e  r e s u l t s  were comparable w i t h  t h o s e  o b t a i n e d  w i t h  250-ml vacuum b o t t l e s ,  
even a f t e r  s t o r a g e  p e r i o d s  of 1 t o  2  weeks a f t e r  sampling.  Consequently,  t h e y  
were o f f i c i a l l y  adopted f o r  use  by t h e  Bureau i n  1972. 
However, t h e r e  a r e  u n c e r t a i n t i e s  i n h e r e n t  i n  t h e  u s e  of t h e  Vacu ta iners .  
I n  a d d i t i o n  t o  t h e  l o s s  of c e r t a i n  gases  mentioned e a r l i e r ,  exper ience  a t  b o t h  
t h e  Mount Hope, W .  Va., o f f i c e  o f  MESA and t h e  P i t t s b u r g h  Mining and S a f e t y  
Research Cente r  of t h e  Bureau i n d i c a t e d  t h a t  s t o r a g e  of  e i t h e r  p a r t i a l l y  o r  
comple te ly  evacuated Vacutainers  produced l e v e l s  of  carbon monoxide o f  up t o  
50 ppm. 
Exper imental  programs were i n i t i a t e d  independen t ly  by MESA a t  Mount Hope 
and t h e  Bureau a t  P i t t s b u r g h  t o  compare Vacutainers  w i t h  vacuum b o t t l e s .  The 
fo l lowing  o b j e c t i v e s  were under taken:  
1. Devise  a  u n i t  t h a t  w i l l  evacua te  s e v e r a l  dozen Vacu ta iners  s i m u l t a -  
n e o u s l y  t o  a  l e v e l  lower than t h a t  o f  t h e  commercial Vacu ta iners .  6 
2 .  Measure gas  leakage from t h e  atmosphere i n t o  evacuated v e s s e l s  a s  a  
7 f u n c t i o n  o f  t i m e  p r i o r  t o  sampling. 
3 .  Determine s a f e  s t o r a g e  p e r i o d s  ( a f t e r  sampling and p r i o r  t o  a n a l y s i s )  
by checking sample s t a b i l i t y .  8 
EXPERIMENTAL WORK 
Vacuta iners  were evacuated a t  Mount Hope, W .  Va. ,  t o  l e s s  t h a n  4 mm and 
were a l lowed t o  s t a n d  f o r  measured t ime p e r i o d s .  Some were  t h e n  f i l l e d  t o  
a tmospher ic  p r e s s u r e  w i t h  pure  c a r r i e r  gas  and analyzed t o  check composi t ion.  
Others  were  f i l l e d  t o  a tmospher ic  p r e s s u r e  w i t h  s t a n d a r d  gas  m i x t u r e s .  Sev- 
e r a l  were  compared immediately w i t h  s i m i l a r  s t a n d a r d s  c o l l e c t e d  i n  250-1111 
vacuum b o t t l e s  t o  check f o r  sampling e r r o r .  Others  were  compared w i t h  vacuum- 
b o t t l e  s t a n d a r d s ,  a s  a  f u n c t i o n  of  t ime comparable w i t h  in -use  hand l ing  
requ i rements .  
SVacu ta iners  of 10-ml nominal c a p a c i t y  a c t u a l l y  c o n t a i n  about  13  m l .  The 
10 m l  i s  s u f f i c i e n t  f o r  q u a n t i t a t i v e  f l u s h i n g  and f i l l i n g  o f  a  1 - m l  gas  
chromatograph sample loop. 
6 
Completely evacuated v e s s e l s  were u n a v a i l a b l e  from Becton-Dickinson, t h e  
manufac tu re r .  Also,  time of  e v a c u a t i o n  can b e  documented by u s i n g  an i n -  
house system. 
7 
I n  t h e  Mount Hope mine i n s p e c t i o n  program, s t o r a g e  o f  evacua ted  Vacu ta iners  
f o r  weeks o r  even months was d i f f i c u l t  t o  avoid .  
8 
I n  r o u t i n e  mine sampling,  de lays  o f  1 t o  2 weeks p r i o r  t o  a n a l y s i s  a t  a  
d i s t a n t  l a b o r a t o r y  a r e  common. 
Apparatus 
A dev ice  was cons t ruc ted  f o r  evacuating up t o  56 Vacutainers  t o  a few 
m i l l i m e t e r s  of p r e s su re  ( f i g .  1 ) .  It c o n s i s t s  of  a p l e x i g l a s s  cy l inde r  
1 /4  inch  t h i c k ,  10 inches i n  diameter,  and 7 inches h igh ,  s e a l e d  t o  a 3/4-inch- 
t h i c k  p l e x i g l a s s  p l a t e .  A s h a f t , 3 / 4  inch i n  diameter  and 5 inches long,  
ex tends  v e r t i c a l l y  through a bushing mounted w i t h i n  t he  p l a t e .  The bushing 
con ta in s  an O-ring s e a l  t o  render  i t  vacuum-tight. The end of t h e  s h a f t  
ex tending  i n t o  t he  evacuat ion chamber i s  a t tached  t o  a p l e x i g l a s s ,  a x i a l l y  
mounted p r e s s u r e  d i sk ,  9-112 inches i n  diameter and 314 inch th i ck .  The 
l a t t e r  can be moved downward by exer t ing  a f o r c e  on t h e  knob a t t ached  t o  t he  
s h a f t .  A s p r i n g  p laced  on t h e  s h a f t  between t h e  knob and t h e  vacuum-tight 
bushing prevents  t h e  p re s su re  d i sk  from moving downward a s  t h e  chamber i s  
evacuated. The tube support  rack c o n s i s t s  of  a base p l a t e  and backing p l a t e  
of  wood, and a p l e x i g l a s s  guide p l a t e  spaced 2-1/2 inches above t h e  base u n i t s  
w i t h  f o u r  b o l t s .  Holes 21/32 inch i n  diameter  a r e  d r i l l e d  a s  shown i n  
f i g u r e  1. The rack r e s t s  on a rubber gaske t  p laced  on an aluminum base p l a t e .  
The aluminum p l a t e  i s  equipped wi th  a ho r i zon ta l  i n t e r n a l  t ube  connected t o  a 
c e n t r a l  h o l e  d r i l l e d  p a r t i a l l y  through t h e  base p l a t e .  An e x t e r n a l  n i p p l e  
a t t ached  t o  t h i s  tube can be seen extending h o r i z o n t a l l y  from t h e  base p l a t e .  
Knob, 1 v2 in. in diam 
Spring; 2V4in, long x 7/32 in. in diam 
Bushing with groove for O-ring 
Shaft, 5 in. long x 3/16 in. in diam 
Top p1ate,~/4 in. thick x 12 in. in diam 
Plexiglass cylinder, 10 in. in diam 
7in.long and 1/4in. thick 
2b2 -in, diam holes 
Plexiglass pressure plate, 
314 in. thick x 9 1/2 in. in diam 
Plexiglass guide plate, 1/4 in. thick 
9 in, in diam 
Bolts, 114 in. in diam 
Wooden base plate, 1/2 in. thick 
9 in. in diarn 
ooden bocking plate, 1/4 in. thick 
9 1/2 in. in diam 
' ~ i p ~ l e  attached to internal tube 
The Vacuta iners  used have a  nominal  c a p a c i t y  (draw) of 1 0  m l .  The 
~ a c u t a i n e r s  a r e  g l a s s  v i a l s  16 mm I D  by 10 cm long ,  s t o p p e r e d  by a  b u t y l  
rubber  septum, and a r e  o b t a i n a b l e  from most l a b o r a t o r y  s u p p l y  houses .  Luer  
n e e d l e s ,  numbers 21-25, a r e  employed f o r  i n j e c t i n g  samples i n t o  V a c u t a i n e r s .  
This  o p e r a t i o n  i s  c a r r i e d  o u t  s a f e l y  by employing a  Vacu ta ine r  n e e d l e  h o l d e r ,  
which i s  a l s o  a v a i l a b l e  from s u p p l y  houses ,  The gas  chromatographic  equipment 
used  was s i m i l a r  t o  t h a t  used i n  p r e v i o u s  work f o r  r a p i d  mine a i r  a n a l y s i s .  9 
Evacua t ion  and Sampling 
Vacuta iners  a r e  i n s e r t e d  i n t o  t h e  h o l e s  i n  t h e  r a c k  w i t h  t h e  s t o p p e r s  
1 0  p o s i t i o n e d  g e n t l y  on top o f  them ( w i t h o u t  i n s e r t i n g  them i n  p l a c e ) .  The t o p  
compression u n i t  i s  then  p o s i t i o n e d  i n  c o n t a c t  w i t h  t h e  r u b b e r  g a s k e t  and 
vacuum a p p l i e d  f o r  3  t o  4 minu tes .  S t o p p e r s  a r e  then  i n s e r t e d  by f o r c i n g  t h e  
p r e s s u r e  p l a t e  downward. 
Samples a r e  in t roduced  i n t o  t h e  evacua ted  samplers  by n e e d l e  i n j e c t i o n  o r  
by removing t h e  s t o p p e r  manual ly  i n  t h e  atmosphere being t e s t e d .  For l a b o r a -  
t o r y  e v a l u a t i o n  w i t h  s t a n d a r d  g a s e s ,  t h e  sample i s  i n j e c t e d  i n t o  t h e  
Vacuta iner  w i t h  a  need le .  Sample p r e s s u r e  i s  measured w i t h  a  manometer 
a t t a c h e d  t o  a  second n e e d l e  i n s e r t e d  through t h e  s t o p p e r .  
Samples a r e  in t roduced  i n t o  t h e  chromatograph by mercury d i sp lacement  
i n t o  a sample loop .  A t  t h e  Mount Hope l a b o r a t o r i e s ,  two p a r a l l e l  n e e d l e s  
mounted t o  a  rack-and-pinion d e v i c e  were  s i m u l t a n e o u s l y  i n s e r t e d  through t h e  
Vacuta iner  s t o p p e r .  Mercury was i n t r o d u c e d  by a  r e s e r v o i r  and l e v e l i n g  b u l b  
through one n e e d l e ;  t h e  o t h e r  n e e d l e ,  e x t e n d i n g  s l i g h t l y  th rough  t h e  s t o p p e r ,  
was connected t o  t h e  sample loop i n l e t .  A t  P i t t s b u r g h ,  t h e  same sys tem was 
employed u s i n g  manual i n s e r t i o n  of  t h e  n e e d l e s ,  b u t  samples were  withdrawn 
from Vacu ta ine r s  w i t h  a  50-ml g a s - t i g h t  s y r i n g e  c o n t a i n i n g  a  s h u t - o f f  v a l v e  
between t h e  n e e d l e  and s y r i n g e  body. A f t e r  wi thdrawal  of  t h e  n e e d l e ,  t h e  
s y r i n g e  p l u n g e r  moves inward o f  i t s e l f  t o  y i e l d  an  a tmospher ic  p r e s s u r e  sample  
o f  about 9  m l .  Th i s  i s  s u f f i c i e n t  f o r  f i l l i n g  a  1 - m l  chromatograph sample 
loop.  
RESULTS AND DISCUSSION 
A s t a n d a r d  m i x t u r e  a t  Mount Hope c o n t a i n i n g  0.25% C Q  and 0.25% C 0 2  i n  
a i r  was s t o r e d  i n  250-ml vacuum b o t t l e s  and 10-ml V a c u t a i n e r s  f o r  7  days a t  
1-atm i n t e r n a l  p r e s s u r e .  P r e c i s i o n  e x p r e s s e d  i n  p e r c e n t  s t a n d a r d  d e v i a t i o n  of  
i n t e g r a t o r  counts1' f o r  t h e  b o t t l e s  was 4 ,  0.34%; N,, 0.25%; C Q ,  1.28%; and  
C02, 2.17%. The corresponding v a l u e s  f o r  V a c u t a i n e r s  were  02,  0  45%; 
N 2 ,  0.32%; C Q ,  1,68%, and CO,, 2.27%. Thus,  sampl ing and s t o r a g e  e r r o r s  w e r e  
'Lang, H. W . ,  ,and R. W .  Freedman, Three-Minute Gas chromatographic  A n a l y s i s  
of  t h e  Main C o n s t i t u e n t s  o f  Mine Atmospheres.  BuMines R I  7696, 1972,  7 pp.  
1 0  The s t o p p e r s  s u p p l i e d  by Becton-Dickinson a r e  no tched  a t  t h e  bottom. T h i s  
pe rmi t s  a i r  t o  be withdrawn from t h e  v i a l s  p r i o r  t o  i n s e r t i n g  t h e  s t o p p e r s  
11 
f u l l y  i n  p l a c e .  
S t a t i s t i c a l  comparison based upon c o u n t s  (peak i n t e g r a n d s )  i s  more a c c u r a t e  
than comparison u s i n g  t h e  p e r c e n t a g e  v a l u e s  c a l c u l a t e d  from coun t s .  
s m a l l .  P e r c e n t a g e s  of  C b  and COZ w e r e - c a l c u l a t e d  from each  s e t  o f  c o u n t s  
( t a b l e  1 ) .  The mean v a l u e s  f o r  t h e  two types  o f  sample r s  were  v e r y  c l o s e  f o r  
each  gas .  I f  t h e  i n d i v i d u a l  p e r c e n t a g e s  a r e  c a l c u l a t e d  t o  t h r e e  dec ima l  
p l a c e s ,  and t h e  t - t e s t  a p p l i e d  f o r  t h e  d i f f e r e n c e  i n  means,12 v a l u e s  o f  t a r e  
0 .75  and 0 .44  f o r  CO, and C Q ,  r e s p e c t i v e l y .  T h i s  i s  w e l l  w i t h i n  t h e  two- 
t a i l e d  c r i t i c a l  v a l u e  to.s7s,z6 = 2 . 0 6 ,  and i n d i c a t e s  i n s i g n i f i c a n t  d i f f e r e n c e  
due  t o  sampl ing  o r  s t o r a g e .  
TABLE 1. - Comparison o f  vacuum b o t t l e s  w i t h  V a c u t a i n e r s  
a t  Mount H o ~ e .  W .  Va. 
To examine t h e  e f f e c t  o f  l o n g e r  s t o r a g e ,  20 samples  o f  a  g a s  m i x t u r e  were  
a l lowed t o  s t a n d  f o r  4 1  days  a t  t h e  P i t t s b u r g h  l a b o r a t o r y .  R e s u l t s  a r e  g i v e n  
i n  t a b l e  2. P r e c i s i o n  i s  o n l y  f a i r  (up  t o  -t4% s t a n d a r d  d e v i a t i o n )  f o r  CH4, 
CO.  and C02. I n  a d d i t i o n ,  C02 shows s u b s t a n t i a l  change i n  c o n c e n t r a t i o n  o v e r  
t h e  41-day p e r i o d .  The l o s s  of  16.1% o f  t h e  i n i t i a l  l e v e l  i n  t h e  s t a n d a r d  i s  
12Spiege1,  M. R. Theory  and Problems o f  S t a t i s t i c s .  Schaum P u b l i s h i n g  Co., 
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2.6% p e r  week on a  l i n e a r  b a s i s .  These f i n d i n g s  i n d i c a t e  t h a t  s t o r a g e  p e r i o d s  
of  longer  than  1 week shou ld  be avoided i f  a c c u r a t e  C02 l e v e l s  a r e  impor tan t .  
13 It can be  presumed t h a t  C02 i s  l o s t  by permeat ion r a t h e r  than  by d i f f u s i o n  
through smal l  o r i f i c e s .  The d i f f e r e n c e  between t h e  two t y p e s  of  f low a r e  
14  d e s c r i b e d  i n  a  p r e v i o u s  p u b l i c a t i o n .  
TABLE 2. - E f f e c t  of s t o r a g e  of  gas f o r  41  days (20 s a m ~ l e s )  
A problem no ted  a t  Mount Hope was t h e  g r a d u a l  c o n c e n t r a t i o n  o f  carbon 
monoxide when evacuated u n i t s  ( e i t h e r  f a c t o r y - s u p p l i e d  o r  comple te ly  evacua ted)  
were  s t o r e d  f o r  extended p e r i o d s  i n  t h e  l a b o r a t o r y .  Leve l s  a s  h i g h  a s  50 ppm 
were  measured when t h e  Vacu ta iners  were f i l l e d  w i t h  CO-free a i r  o r  helium. 
T h i s  f a c t  was v e r i f i e d  a t  P i t t s b u r g h  ( t a b l e  3 ) .  
It i s  p o s t u l a t e d  t h a t  change i n  r e l a t i v e  c o n c e n t r a t i o n s  o f  t h e  g a s e s  i s  
due i n  p a r t  t o  e x t e r n a l  permeat ion from t h e  atmosphere through t h e  septum. 
However, t h e  h i g h  CO l e v e l s  a t t a i n e d  a r e  a s  y e t  unexp la ined ,  s i n c e  ambient 
l e v e l s  g e n e r a l l y  do n o t  exceed 5  ppm. The r e s u l t s  i n  t a b l e  3  i n d i c a t e  t h a t ,  
f o r  a  1-week s t o r a g e  p e r i o d ,  gaseous  in f low i s  i n s i g n i f i c a n t .  A f t e r  6  months 
(25 weeks) ,  average v a l u e s  f o r  a l l  t h e  gases  tended t o  r e a c h  a  p l a t e a u ,  
i n d i c a t i n g  a t t a i n m e n t  o f  e q u i l i b r i u m .  The ambient c o n d i t i o n s  i n  t h e  
P i t t s b u r g h  l a b o r a t o r y  were  n o t  c o n t r o l l e d .  Although t h e  N2:02 r a t i o  of 4 : l  i n  
a i r  d i d  n o t  v a r y ,  t h e r e  p robab ly  was some v a r i a t i o n  i n  C& and C02 l e v e l s .  I n  
a d d i t i o n ,  permeat ion r a t e s  i n c r e a s e  s i g n i f i c a n t l y  w i t h  t empera tu re ,  and t h e  
l a b o r a t o r y  t empera tu re  ranged from 20" t o  30° C .  Permeation r a t e s  a l s o  depend 
l i n e a r l y  upon p r e s s u r e  d i f f e r e n c e s  ( i n s i d e  and o u t s i d e  t h e  c o n t a i n e r ) .  
However, t h e s e  a r e  s m a l l  on a  r e l a t i v e  s c a l e ,  and would n o t  be  expected t o  
produce s i g n i f i c a n t l y  l a r g e  v a r i a t i o n s  i n  permeat ion r a t e s .  The e f f e c t s  of  
v a r i a t i o n s  i n  septum geometry and composi t ion d i d  n o t  appear  s i g n i f i c a n t  o v e r  
t h e  s h o r t  p e r i o d s  recommended f o r  s t o r a g e  of Vacu ta iners .  
Pe rcen t  i n  s t a n d a r d  gas  
mix ture . .  .................... 
Sample mean . . . . . . . . . . . . . . . . . . .  
S tandard  d e v i a t i o n .  ........... 
P e r c e n t  o f  s t a n d a r d  d e v i a t i o n .  
Change, sample mean minus 
p e r c e n t  i n  s t a n d a r d  gas  
mixture . .  .................... 
P e r c e n t a g e  of  change (based 
on s t a n d a r d  g a s  m i x t u r e )  ..... 
1 3 s c a r i n g e l l i ,  F. P . ,  S .  A .  Frey,  and B. E. Saltzman. E v a l u a t i o n  of  Tef lon  
Permeation Tubes f o r  Use With S u l f u r  Dioxide.  Am. Ind .  Hyg. Assoc.  J . ,  
V. 28, May-June 1967, pp. 260-266. 




































TABLE 3. - E f f e c t  of s t o r a g e  t i m e  on gas  c o n c e n t r a t i o n  f o r  evacuated 




















Based upon t h i s  exper imenta l  work, i t  can be concluded t h a t  samples of  
mine gases  can be c o l l e c t e d  r a p i d l y  and conven ien t ly  i n  10-ml Vacu ta iners  f o r  
subsequent  gas  chromatographic a n a l y s i s .  S t o r a g e  of  evacuated Vacu ta iners  
p r i o r  t o  a n a l y s i s  shou ld  n o t  exceed 1 t o  2 months i f  t h e y  a r e  used f o r  ana ly -  
s i s  of low l e v e l s  of  carbon monoxide. B e t t e r  c o n t r o l  o v e r  s t o r a g e  t ime can 
be accomplished by in-house evacua t ion .  In-house evacua t ion  a l s o  removes more 
o f  t h e  a i r  w i t h i n  t h e  Vacu ta iner ,  thus  e l i m i n a t i n g  a p o s s i b l e  s o u r c e  of  v a r i a -  
t i o n  i n  r e s u l t s .  
Ana lys i s  of samples taken i n  Vacu ta iners  p rov ides  r e s u l t s  comparable w i t h  
t h o s e  o b t a i n e d  w i t h  250-ml vacuum b o t t l e s .  However, i f  p r e c i s e  v a l u e s  f o r  C02 
a r e  r e q u i r e d ,  t h i s  a n a l y s i s  shou ld  be accomplished w i t h i n  1 week a f t e r  t a k i n g  
samples because  some C02 may be 10s t by permeat ion.  
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C Q ,  ppm 
<1 
<1 
<1 
<1 
<1 
7 
10  
6 
7 
a 
- 
- 
5 
5 
5 
5 
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